INTRODUCTION
There have been two major phases in the studies of microbial infection of hens' eggs. The first (in the years sought to identify factors that caused the addling of stored eggs [1] . The second, which began in the mid 1980s, is concerned with infection of eggs with Salmonella enteritidis. This contribution summarizes the major observations made in these studies and describes a technique for future work.
INFECTION OF EGGS
Few, if any, eggs contain microorganisms at oviposition [1] . When eggs are infected during formation the contaminants come from the ovary (trans-ovarian infection) or the oviduct (oviducal infection) [2] . In the 1930s ovarian infection with Salmonella pullorum or S. gallinarum caused vertical transmission of disease in poultry flocks worldwide [3] . The current pandemic [4] of human salmonellosis associated with infection of eggs and egg products with S. enteritidis has revived interest in infection in vivo. Humphrey et al. [5] recorded an incidence of about 0.6% infection of the contents, mainly in the albumen, of upwards of 5700 eggs produced by laying flocks known to have been infected with S. enteritidis.
Translocation of bacteria across the shell (trans-shell infection [2] ) is a key stage in the addling of eggs [6] . Water, and a temperature difference between it and the egg, is a common cause of translocation since the contraction of a warm egg in cold water sucks bacteria through the pores in the shell. The infection is confined to the shell membranes for 10-20 days in eggs stored at ambient temperature (e.g. [1] ). Confinement is followed by the sudden onset of multiplication resulting in gross contamination and macroscopic changes of egg contents infected with rot-producing bacteria [6] . This sequence of events also occurs in eggs deliberately infected with S. enteri-tidis [7] , but there are no changes in the appearance of the white or yolk.
The mechanisms that trigger the sudden onset of bacterial multiplication have not been defined precisely. GiIlespie and Scott [1] concluded that "the bacteria may begin growth, slowly attack the (shell) membranes, and eventually reach the white. Once infection has been established in this way, subsequent development to a bacterial rot takes place relatively quickly". This latter contention is untenable in view of the many studies that have shown that the albumen is a very unfavourable medium for microbial growth [8, 9] . Brooks [10] contended that a change in the shell membranes rendered these susceptible to bacterial attack --thereby triggering the generalized infection --and that such a change "becomes more rapid on about the 12th day" of storage of eggs at room temperature. He found that storage had no demonstrable effect on the ability of albumen to support microbial growth. Indeed he concluded that the sudden onset of a generalized infection could not be attributed to diffusion of nutrients from the yolk to the white. Recently it was speculated [5] that such diffusion accounted for the onset of growth of S. enteritidis in egg contents. In practice, little attention has been given to the exchange of materials other than water between the white and yolk of stored eggs.
Board [6] associated the sudden onset of a generalized infection of the contents of eggs with rot-producing bacteria with changes in the physical structure of the albumen and the density of the yolk. Loss of viscosity and breakdown of the fibrous network of the albuminous sac lead to a progressive increase in the mobility of the yolk. With storage the yolk absorbs water, becomes less dense, floats upwards and makes contact with the shell membranes. Such events result in an albumen-depleted niche in which organisms grow and initiate a generalized infection of the contents of eggs stored at ambient temperature. Subsequent studies [11] with eggs infected with pseudomonads and stored at 4°C did not support this scenario. Gross infection of the albumen appeared to follow the growth of pseudomonads that had made contact with the yolk before the latter had reached the shell membranes. This interpretation was examined in the present study. The shells of freshly laid eggs were wiped with 70% (v/v) ethanol, broken and the contents poured gently into a square (10 x 10 cm) Petri dish. Pseudomonas putida in a plug of water agar (1.0% w/v) was placed in the thin albumen at the edge of the dish (Fig. 1) . The dish was incubated at 4 or 20°C and examined frequently under UV light (350 nm). The following sequence was noted: (1) pseudomonads migrated from the water agar (sic the shell membranes) into the albumen; some progressed as far as the surface of the yolk (Fig.  1) ; (2) those that made contact with the yolk multiplied and, as judged by the occurrence of fluorescent pigment, remained in a confined zone for a short while before spreading throughout the inner thin white; (3) organisms spread outwards from the inner thin white into the albuminous sac which became fluorescent; (4) finally, infection spread to the outer thin white and the entire albumen fluoresced. Analogous results were obtained at 4 and 20°C.
These observations demonstrate that the sudden development of gross infection of an egg's contents can be triggered by bacteria that make contact with the surface of the yolk. They also raise questions about the possible role of the diffusion of nutrients from the yolk and an organism's production of siderophores in the infection process. We have evidence (unpublished) that salmonellae are attracted towards the yolk. The possible involvement of chemotaxis and the occurrence of a gradient in nutrients from the yolk outwards raises the question: does diffusion establish such a gradient? Garibaldi [12] claimed that organisms formed siderophores when deprived of iron through the sequestration of this element by ovotransferrin. This view gained no support from the work of Tranter and Board [8] . The present study has raised this question yet again but in a different context. A single fluorescent green patch populated with actively motile pseudomonads has been observed in the albumen taken from eggs, the shell membranes of which were deliberately infected with the test organism [1, 6] . We have seen such patches on many occasions in eggs infected in this manner but have been unable to determine the actual location of the spot in an egg prior to destructive sampling. The present study has demonstrated its associa-73 tion with the yolk. We speculate that the yolk supplies the nutrients, particularly iron, required for the formation of this patch of organisms. Once established, the organisms obtain iron from that present in the albumen through siderophore synthesis, such synthesis occurring at the leading edge of growth. The simple technique described in this article ought to allow investigation of these issues.
